We present the spontaneous pathological lesions identified as a result of necropsy or biopsy for 245 chimpanzees (Pan troglodytes) over a 35-year period. A review of the pathology database was performed for all diagnoses on chimpanzees from 1980 to 2014. All morphologic diagnoses, associated system, organ, etiology, and demographic information were reviewed and analyzed. Cardiomyopathy was the most frequent lesion observed followed by hemosiderosis, hyperplasia, nematodiasis, edema, and hemorrhage. The most frequently affected systems were the gastrointestinal, cardiovascular, urogenital, respiratory, and lymphatic/hematopoietic systems. The most common etiology was undetermined, followed by degenerative, physiologic, neoplastic, parasitic, and bacterial. Perinatal and infant animals were mostly affected by physiologic etiologies and chimpanzee-induced trauma. Bacterial and physiologic etiologies were more common in juvenile animals. Degenerative and physiologic (and neoplastic in geriatric animals) etiologies predominated in adult, middle aged, and geriatric chimpanzees.
| INTRODUCTION
Surveys of spontaneous pathological lesions of chimpanzees have been rarely reported. [1] [2] [3] Except for a few short surveys of lesions and causes of mortality, [1] [2] [3] [4] [5] [6] an extensive documentation of chimpanzee lesions is lacking. Most of the published studies are in the form of case series that include pathology findings related to body systems (central nervous, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] cardiovascular, [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] respiratory, [31] [32] [33] [34] gastrointestinal, [35] [36] [37] [38] urinary, [39] [40] [41] [42] [43] and integumentary [44] [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] ), etiologies (parasitic, [62] [63] [64] degenerative, 5, 65 and neoplastic [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] ), and individual case reports. [84] [85] [86] An extensive survey of the pathological lesions is lacking in literature.
Recently, captive chimpanzees were classified as an endangered species, and thus, their use in research has essentially ceased. 87 Additionally, due to the NIH moratorium on chimpanzee breeding since 1995, the captive population is getting older, and at times, it becomes increasingly difficult to distinguish pathological lesions from normal aging-associated changes. 3 As the captive population ages, an in-depth knowledge of the natural pathology of this species is required so that veterinarians can continue to provide high quality medical care to these animals. Further, given the close phylogenetic resemblance to humans, a survey of chimpanzee pathology would be helpful for better understanding of several common age-associated disorders in humans.
We document the spontaneous pathological lesions identified as a result of necropsy or biopsy for 245 chimpanzees, at the Southwest
National Primate Research Center at the Texas Biomedical Research
Institute, San Antonio, Texas, over a 35-year period (1980-2014) . To the best of our knowledge, this is the most comprehensive documentation of lesions in captive chimpanzees and provides an extensive summary of natural age-associated changes as well as pathological lesions in captive chimpanzees.
with the exception of the chimpanzees with chronic HBV, HCV, and HIV infection. The status of HBV, HCV, and HIV of each animal was retrieved from a separate database used to track the animals viral status with regard to detectable persistent viremia or no detectable viremia. Historical exposure data were not used due to complexity in interpretation of older data and the unlikely relevance. All original or computerized medical records, gross necropsy reports, histopathology reports and related laboratory results were retrieved.
| Data analysis
Animals were categorized by sex and separated into age groups to categorize lesions. The age groups were defined as perinatal (≤1 day old), infant (>1 day to 4 years), juvenile (>4 years to 12 years), adult (>12 years to 23 years), middle age (>23 years to 35 years), and geriatric (>35 years). Chimpanzees were considered infants until they were weaned at approximately 4 years of age, and transitioned from juvenile to adult when they reach sexual maturity at approximately 12 years of age. 88 Middle age was defined as the latter half of the interval between the start of adulthood and the start of geriatric age. The lower limit of geriatric age was chosen to be 85% of total expected lifespan 88 and to coincide with a prior survey of geriatric reproductive tract lesions in chimpanzees. 3 Specific criteria were developed to categorize the findings:
(i) Stillborn animals were considered as separate cases from the dam, included in the urogenital system, and were given the age of zero;
(ii) localized hemorrhage was counted within the affected organ;
(iii) lesions that affected multiple organs or the body as a whole, such as disseminated hemorrhage, lymphosarcoma, or amyloidosis, were categorized as multisystem; (iv) adenomyosis and endometriosis were included with the category of neoplasia; (v) all papillomas were considered to be neoplastic (it is possible that some or all may have been viral induced, but this could not be ascertained from the records); (vi) cardiomyopathy, defined as the presence of multifocal to coalescing areas of fibrosis, necrosis, mineralization, and inflammation, was characterized as a degenerative disease; and (vii) cerebrovascular accidents (stroke) cases were discussed along with the cardiovascular system.
| Statistical tests
The R language and environment for statistical computing were used within the RStudio 89 for all analyses. 90 The R packages stringi, 91 RODBC, 92 readxl, 93 dplyr, 94 and XLConnect 95 were used. Fisher's exact test for two-by-two tables was used to test for independence of the animals' age, sex, viral status, and observed morphology at necropsy. Fisher's exact tests that could not produce a P-value of 0.05 or less because of an insufficient number of animals with the specified morphology were not performed. The Bonferroni-Holm 96 correction was used in assessing the fit to the null hypothesis (no effect of attribute: sex, age, or viral status). As some of these morphologies and thus the tests are correlated, this is a conservative adjustment. integumentary (54, 4.0%), endocrine (53, 3.9%), nervous (43, 3.2%), musculoskeletal (31, 2.3%), multisystemic lesions (20, 1.5%), and lesions involving the special senses (13, 1.0). 
| RESULTS

| Persistent HBV, HCV, and HIV viremia
Statistical analyses using chi-square goodness-of-fit test did not reveal any significant association between persistent HBV, HCV, and HIV viremia status of the chimpanzees and any morphologic diagnosis.
| Gastrointestinal system
Gastrointestinal system lesions were most often seen in middle aged 
| Cardiovascular system
Cardiovascular system lesions were almost exclusively seen in mid- 
| Urogenital system
Urogenital system lesions were seen most often in middle aged ( 
| Respiratory system
Respiratory system lesions were seen across all age groups, but most commonly in middle aged (65 of Respiratory lesions were most often of undetermined (n=61, 38.6%), physiologic (n=52, 32.9%), or bacterial (n=18, 11.4%) etiology.
Infectious agents were often encountered in respiratory lesions.
There were ten cases of confirmed bacterial pneumonia, all involving adult or younger animals; cultures were obtained in seven. 
| Integumentary system
Integumentary system lesions almost exclusively involved the skin and subcutis (51 of 54), with the exception of three lesions involving the mammary gland (one case each of fibrosis, hyperplasia, and mastitis in female chimpanzees). Integumentary system lesions were most often of undetermined (22 of 54, 40.7%), neoplastic (n=14, 25.9%), or traumatic (n=7, 13.0%) etiology. Of the lesions involving the skin and subcutis, most were seen in middle aged (22 of 51, 41.2%), adult (n=15, 27.5%), and juvenile (n=10, 19.6%) chimpanzees, with an approximately equal male-to-female ratio. The most common diagnoses were dermatitis (n=19, 37.3%), papilloma (n=9, 17.6%), hyperplasia (n=6, 11.8%), and lipoma (n=5, 9.8%). Dermatitis was seen almost twice as often in males than in females. Papilloma and hyperplasia were seen approximately four times more often in females than males. All the hyperplasia diagnoses occurred in female chimpanzees; six of the seven were adult or older. Lipomas were observed in middle age and geriatric animals; four of the five were in females. There were four bacterial lesions: two cases of cellulitis (S. aureus was cultured from one); one abscess; and one case of dermatitis resulting from Mycobacterium leprae.
| Endocrine system
Endocrine system lesions were almost exclusively seen in middle aged (32 of 53, 60.4%), geriatric (n=10, 18.9%), and adult (n=8, 15.1%) chimpanzees, with slightly more lesions in females than males.
Endocrine lesions were predominantly of degenerative (n=16, 30.2%), undetermined (n=13, 24.5%), neoplastic (n=11, 20.8%), or physiologic (n=8, 15.1%) etiology. The organs most often affected were the pituitary (n=24, 45.3%), adrenal gland (n=15, 28.3%), and thyroid (n=9, 17.0%).
The most common diagnoses were hyperplasia (n=13, 24.5%), cyst (n=10, 18.9%), adenoma (n=9, 17.0%), and amyloidosis (n=6, 11.3%).
Hyperplasia was observed in adult to aged chimpanzees and most often involved the pituitary gland (n =8); other sites included the adrenal gland (n=2), thyroid (n=2), and islets of Langerhans (n=1). Cysts were generally observed in middle aged animals and involved the pituitary (n=8) or thyroid (n =2). Adenomas were seen in middle aged and geriatric chimpanzees and involved the pituitary (n=5), thyroid (n=3), and adrenal gland (n=1). Amyloid was identified in the adrenal gland (n=4), islets of Langerhans (n=1), and thyroid (n=1), primarily in middle aged animals.
| Nervous system
Nervous system lesions were most often seen in middle aged (16 Chimpanzee-induced trauma accounted for 9 of the 11 incidences of hemorrhage was restricted to perinatal and infant chimpanzees and generally attributed to poor mothering skills.
| Musculoskeletal system
Musculoskeletal system lesions mostly seen in middle aged (12 of 
| Multisystem disease
Multisystem system lesions were most often seen in middle aged (8 of 20, 40.0%), adult (n=5, 25.0%), and geriatric (n=4, 20.0%) chimpanzees,
with an approximately 2:1 male-to-female ratio. The most commonly diagnosed lesions that affected the whole body included amyloidosis (5 of 20, 25%) which was considered degenerative in etiology and hemorrhage (n=5, 25%), usually related to trauma. 
| Special senses
| DISCUSSION
We Cardiovascular disease, specifically, cardiomyopathy (also known as cardiac fibrosis or interstitial myocardial fibrosis), is reported to be the primary cause of mortality in captive chimpanzees in several previous publications and was the most common morphologic diagnosis in this study. 4, 19, 21, 22, 97, 98 The high incidence of cardiomyopathy in chimpanzees could suggest a genetic component and warrant further investigation of this pathology relative to genealogy. Hemosiderosis, edema, hemorrhage, ascites, hydrothorax, and hydropericardium were often interpreted as sequela of cardiac insufficiency due to cardiomyopathy. 97 Renal lesions were most common in middle aged to geriatric groups, and the two primary diagnoses were nephritis and glomerulonephritis, which is consistent with previous literature. 6 The gastrointestinal system was the most affected system, with the liver accounting for almost one third of gastrointestinal system diagnoses. Etiologically, most of the gastrointestinal lesions were undetermined, followed by parasitic, degenerative, physiologic, and neoplastic. The three primary liver lesions were hemosiderosis, hepatitis, and hepatopathy. Although several chimpanzees in this study group were chronically infected with HBV, HCV, and HIV, we did not find any statistical correlation between viral status and liver diseases. This is not an unexpected finding given that chimpanzees infected with these viruses rarely develop clinically significant disease. [99] [100] [101] Despite extensive control measures, nematodiasis (pinworms; Enterobius spp.)
remains prevalent in our colony and other captive colonies. 102, 103 Excluding lesions of undetermined etiology, lesions of degenerative etiology were the most frequently encountered, as would be expected from an aging population. The most common degenerative lesions were cardiomyopathy, amyloidosis, and arteriosclerosis/atherosclerosis. Lesions of neoplastic etiology mostly affected the urogenital (females), gastrointestinal, and integumentary systems. The most common uterine lesions were leiomyoma and adenomyosis, occurring in a slightly greater than 2:1 ratio. This is different from baboons where adenomyosis is much more common than leiomyoma, 104 and in humans where leiomyomas (fibroids) are much more prevalent than adenomyosis. 105, 106 This difference should be considered, when evaluating a uterine mass in a chimpanzee, as imaging alone may be insufficient for a definitive diagnosis. 107 This dataset provides significant insights into the natural pathology of captive chimpanzees. While some data regarding specific aspects of captive and wild chimpanzee pathology have been reported before, 2, 3, 97, 108 this publication provides an exhaustive account of all lesions across all age groups over a significantly long period of time (35-years) . It is our hope that the information presented in this publication should serve as a reference for the veterinarians, care givers, and investigators working with chimpanzees.
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